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Outline of Tutorial

A.Introduction

B.Closure Phases and
Amplitudes

C.What to do with ©cp?

D.Mapping with ®cp
i.e. self-calibration

E.New Developments
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Fourier Phases are crucial for
image reconstructions of all but the
simplest sources. What to do?

Phase Referencing

e nearby sources
e measuring AQ,m
e spectral lines

or

Closure Phases



Point source
at infinity

Incomirlg plane waves
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Observed Intrinsic Atmosphere
D(1-2) = Dy(1-2) + [¢(2)-0(1)]
D(2-3) = Dy(2-3) + [$(3)-0(2)]
D(3-1) = D,(3-1) + [6(1)-0(3)]




Phasescreen

Meters
Observed Intrinsic Atmosphere

D(1-2) = D,(1-2) + [6(2)-6(1)]
D(2-3) = D,(2-3) + [¢(3)-6(2)]
D(3-1) = Dy(3-1) + [¢(1)-¢(3)]
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General Statements

The Bispectrum is always REAL
for sources with point-symmetry

(i.e. the closure phases are 0° or 180°)

Closure Phases are not sensitive to an
overall translation of image (a translation
is indistinguishable from atmospheric
phase delays for any given closing
triangle)
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Simpky Apariung Mask
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Fourier Phases on 3 Baselines
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The Bispectrum
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Closure Phase
Relations

D(1-2-3)=D(1-2-4) + D(4-2-3)
+ ©(1-4-3)

In General:
D(1-2-3)=d(1-2-n) + ®(n-2-3)
+ @(1-n-3)
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Squared Visibility
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Figure 4. Visibility amplitudes and closure phases as measured
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Image Reconstruction

e Find image which fits both
visibility amplitudes and closure
phases (to within experimental

uncertainty)

Further Constraints

¢ Positive Definite

¢ Limited Field-of-View

e "Smooth" — e.g. MEM
e Use a priori information
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Iteration Cycle

Start with Initial Model

v

Generate Fourier phases
consistent with Closure
phases, using Model phases
as necessary.

v

Using these candidate phases
and visibility amplitudes, use
CLEAN/MEM to generate map

!

_____If not converged, use new map
as starting Model and repeat

p—pp>

Readhead & Wilkinson 1978



Self-Calibration

Models intrinsic Fourier
phases plus telescope errors

Generate Fourier phases
consistent with Closure Phases &
begin with initial trial Image

v

—p» Calculate complex Visibility
(Amplitudes & Phases) of trial image

Adjust telescope errors so “measured”
Fourier phases are best fit by
combination of trial image phases plus
telescope errors

v

Correct trial phases based on new

estimates of telescope errors, and
map using CLEAN/MEM

v

If not converged, use new map
as the next trial image

Carnweall & Wilkinenn 1Q81
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Speckle Pattern Power Spectrum
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Visibility
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Milliarcseconds
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IRC+10216 at 2.2um
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IRC+10216 w/o Closure Phases
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The Future

QOutstanding Problems with Mapping

e Should fit directly to closure phases;
outside of self-cal paradigm
(computationally expensive but
straightforward)

e Baseline-dependent residuals (limitation
of 1*; use multi-resolution approach)

e Point source(s) embedded in extended
nebulosity (model/mapping hybrids,
i.e. use a priori info)

e Artifacts of (highly) uneven Fourier
coverage

Which Triangles?

e Given a sparse array, which closure
phases are most important to measure?

e Better understanding of how closure
phases contrain the parameter space of
possibility Fourier phases




Important Points

¢ Closure phases (and amplitudes) are
insensitive to telescope-specific errors
such as atmospheric fluctuations

e They can not be used to calibrate
baseline-dependent problems

e Non-zero closure phases indicate
asymmetric structure; however, point-
symmetric objects (such as disks) have
"I’{_‘p of 0° or 180°

e Software and theoretical work
necessary for optimal imaging with the
latest generation of interferometers

e Despite the total scrambling of Fourier
phases by a turbulent atmosphere, the
use of closure phases and image
constraints allow nearly complete
recovery of all phase information



